a b s t r a c t 22 A molecular dynamics investigation is conducted on the passive transport of Na + ions through a synthetic 23 channel in aqueous NaCl medium, the channel consisting of fourteen 15-crown-5 rings rigidly linked in a 24 stacked configuration. The investigation studies the entry and exit of Na + ions by applied electric fields; 25 the Cl À ions are not admitted because of the channel's unfavourable axial electrostatic potential for 26 anions, and the water molecules are too large to enter. The Na + ions exhibit damped oscillatory dynamics, 27 for which frequencies and damping parameters are calculated, and possible applications of the system 28 are discussed. mounted in a bilayer membrane [2, 3] . With the channels connect-54 ing two salt solutions it was shown that they allowed the passage 55 of cations, anions and solvent molecules between the layers, but 56 that the Na + ions showed significantly greater mobility than the 57 Cl À ions. Water molecules, which were also admitted, played a role 58 in the migration of the ionic species. In a subsequent work [4] could not be displaced by more than 0.5 Å by strong electric fields.) Despite the particles' translations and reorientations in the bulk ranges which reduce to a loose vibration at a single channel site.
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Apart from the energetically difficult process of entering and 310 exiting the channel, the Na + ions encounter low energy barriers 311 as they migrate between their sites. As predicted by collision the- channel thus appears to be faster than the instances quoted. 347 We discussed how, in the absence of an applied field, the Na + ion, to describe the ion's motion it will be assumed that the energy well 393 is harmonic. When the forces are balanced and the ion is at the ax- and / is a phase term. As a result (1) becomes
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The clear damping of the waves in Fig. 3 indicates a dissipation 426 of the energy of the oscillations. We shall suppose that the damp-427 ing mechanism is described [17] by adding a friction term to the 
The solution to (3) should bear a periodic component as in (2) 441 and also a decay (damping) factor, both of which can be found The picoseconds timescale for atomic friction that we find 488 damping the oscillations is consistent with relaxation time mea-489 surements on nanotribology studies on sliding surfaces [20] . 490 
Energy dissipation

491
The instantaneous energy of a harmonic oscillator is the sum of 492 its kinetic and potential energies, 
